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(54) VORTEX FLOWMETER 

il (57)Abstract: 

PURPOSE: To provide a vortex flowmeter constituted so as to 
detect accurately a Karman vortex generated on the downstream 
side of a vortex generator in a range from a low flow rate area to a 
high flow rate area. 

CONSTITUTION: This vortex flowmeter comprises a housing 12 
and a flow rate indicating part 13. A vortex generator 17 is 
provided in a flow passage 16 of the housing 12 and ultrasonic 
transmitters 18 and 19 and ultrasonic receivers 20 and 21 are 
provided at the left and right positions of the flow passage 16 
being on the downstream side of the vortex generator 17. The 
- 20fi*a»i*» ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 
and 21 are provided so as to be movable in the direction of 
extension of the flow passage 16 by moving devices 24 
respectively. The ultrasonic transmitters 18 and 19 and the 
ultrasonic receivers 20 and 21 are moved in a direction of approaching the vortex generator 17 or 
separating by the moving devices 24 and thereby a Karman vortex generated on the downstream side of 
the vortex generator 17 is detected at an optimum vortex detecting position in accordance with a flow 
rate. 




19 



-12 



mmmmmmmmmmmmsmmmmmmmmmmmm mm — cbwbbbbbbw 

LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 



[Kind of final disposal of application other than the 
examinees decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



CLAIMS 



[Claim(s)] 

[Claim l] The eddy generating object prepared in the passage where a current measurement-ed object 
flows, and the ultrasonic transmitter formed in the passage wall of the downstream of this eddy 
generating object, In the vortex flowmeter which has the ultrasonic receiver which detects the supersonic 
wave which was formed in the passage wall which counters this ultrasonic transmitter, and was 
transmitted from this ultrasonic transmitter The flowmeter characterized by coming to have the 
migration means moved in the direction which responds to the eddy generated on the lower stream of a 
river of said eddy generating object, and approaches or estranges said ultrasonic transmitter and an 
ultrasonic receiver on said eddy generating object. 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the vortex flowmeter constituted so that the Karman's 
vortex which starts a vortex flowmeter, especially is generated on the lower stream of a river of an eddy 
generating object might be detected to accuracy from a low flow rate region to a high flow rate region. 
[0002] 

[Description of the Prior Art] For example, there is a vortex flowmeter considered as the configuration 
which detects the Karman's vortex generated on the lower stream of a river of an eddy generating object 
as one of the flowmeters for measuring the flow rate of fluids, such as petroleum, food, and chemistry 
liquid. 

[0003] A vortex flowmeter consists of housing prepared in the middle of piping to which a profile and a 
current measurement-ed object are supplied, the eddy generating object which stands up in the passage 
of housing, the sensor section which detects the Karman's vortex generated on the lower stream of a river 
of an eddy generating object, and the flow rate directions section which calculates the flow rate of a 
current measurement-ed object, and displays the flow rate value from the period (or frequency) of the 
detecting signal from the sensor section. 

[0004] And the method which detects the phase change of the ultrasonic signal transmitted from the 



ultrasonic sensor, or the method which detects the differential pressure of right and left of the eddy 
generating object by Karman's vortex is adopted as the sensor section. Since the vortex flowmeter which 
used the ultrasonic sensor also in various sensors has the highly precise and strong description, it is 
suitable for measuring a liquid. 

[0005] The configuration of the conventional vortex flowmeter which used the ultrasonic sensor for 
drawing 9 is shown. If an oscillation signal is outputted from an ultrasonic wave oscillator 1, a supersonic 
wave will be transmitted into a fluid from ultrasonic transmitter 2a. A supersonic wave is spread in 
accordance with a path parallel to the space of a perpendicular and this drawing to the travelling 
direction of a fluid, and is detected by ultrasonic receiver 2b. The output signal alpha of this ultrasonic 
receiver 2b is supplied to a phase comparator 4 through the phase control machine 3. 
[0006] The oscillation signal beta which branched from the output of an oscillator 1 on the other hand 
apart from the supersonic wave which spreads the inside of a fluid is supplied to the input terminal of 
another side of a phase comparator 4 through the phase control machine 5. In a phase comparator 4, the 
phase of the two above-mentioned signals alpha and beta is compared. And the signal alpha outputted by 
detecting the supersonic wave which passed through the inside of the fluid in the condition that Karman's 
vortex has not occurred has fixed phase contrast to the oscillation signal beta from an oscillator 1. 
[0007] If a current measurement-ed object flows, Karman's vortex regular alternately with right and left 
will generate the inside of a duct 6 at spacing which is proportional to the flow rate of a current 
measurement-ed object on the lower stream of a river of the eddy generating object 7. The ultrasonic 
sensor which consists of ultrasonic transmitter 2a and ultrasonic receiver 2b is formed in the lower 
stream of a river of the eddy generating object 7. This ultrasonic transmitter 2a and ultrasonic receiver 2b 
are prepared so that a supersonic wave may be transmitted in the direction which intersects 
perpendicularly to the migration direction of Karman's vortex. 

[0008] When the supersonic wave transmitted from ultrasonic transmitter 2a encounters the Karman's 
vortex generated on the lower stream of a river of the eddy generating object 7, the rate-of-flow 
component of the longitudinal direction of Karman's vortex will receive a phase modulation. Therefore, 
the phase contrast of two signals alpha and beta supplied to a phase comparator 4 becomes a different 
value from predetermined phase contrast in case the supersonic wave which passes through the inside of 
a fluid does not encounter Karman's vortex. In a vortex flowmeter, by detecting change of this phase 
contrast and taking out from output terminal 8a through a filter 8, the number of generation of the 
Karman's vortex proportional to the rate of flow or a flow rate can be detected, and the flow rate of a 
current measurement-ed object can be measured based on this. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the Karman's vortex generated on the lower stream 
of a river of the eddy generating object 7 will become so weak that it flows to the downstream, and will 
disappear soon, therefore, ultrasonic transmitter 2a and ultrasonic receiver 2b are beforehand set up so 
that the distance from the eddy generating object 7 may serve as a location which is easy to detect 
Karman's vortex - having - **** - the alie nation concerned - the eddy detection location was decided to 
be a location. 

[00 10] However, the generating distance of the Karman's vortex generated on the lower stream of a river 
of the eddy generating object 7 changes with a flow rate or rates of flow, and the generating distance of 



Karman's vortex becomes short as a flow rate or the rate of flow decreases. However, in the conventional 
vortex flowmeter, ultrasonic transmitter 2a and ultrasonic receiver 2b are being fixed to the wall of a duct 
6. 

[0011] For example, when measuring the flow rate of a low flow rate region, since the flow rate or the rate 

of flow is decreasing, Karman f s vortex is weak. Therefore, there was a problem that the phase contrast of 

two signals alpha and beta is small, and Karman's vortex may be unable to be detected even if the 

supersonic wave transmitted from ultrasonic transmitter 2a encounters Karman's vortex. 

[0012] Then, this invention aims at offering the vortex flowmeter which solved the above-mentioned 

problem. 

[0013] 

[Means for Solving the Problem] The eddy generating object with which this invention was prepared in 
the passage where a current measurements object flows, and the ultrasonic transmitter formed in the 
passage wall of the downstream of this eddy generating object, In the vortex flowmeter which has the 
ultrasonic receiver which detects the supersonic wave which was formed in the passage wall which 
counters this ultrasonic transmitter, and was transmitted from this ultrasonic transmitter It is 
characterized by coming to have the migration means moved in the direction which responds to the eddy 
generated on the lower stream of a river of said eddy generating object, and approaches or estranges said 
ultrasonic transmitter and an ultrasonic receiver on said eddy generating object. 
[0014] 

[Function] By making it move in the direction which responds to the eddy generated on the lower stream 
of a river of an eddy generating object, and approaches or estranges an ultrasonic transmitter and an 
ultrasonic receiver on an eddy generating object, irrespective of flow rate change, it becomes possible to 
detect eddy generating correctly, and, according to this invention, a low flow rate region can also raise 
measurement precision. 
[0015] 

[Example] One example of the vortex flowmeter which becomes this invention at drawing 1 thru/or 
drawing 3 is shown. Drawing 1 is the front view of a vortex flowmeter 11, drawing 2 is the side elevation 
of a vortex flowmeter 11, and drawing 3 is drawing showing the eddy detector configuration of a vortex 
flowmeter 11. 

[0016] A vortex flowmeter 11 serves as more a profile, the housing 12 arranged between upstream piping 
and downstream piping, and the flow rate directions section 13 which is prepared in the upper part of 
housing 12 and displays a flow rate. In addition, while the flow rate directions section 13 has drop 13a 
which displays a flow rate measurement value on the front face numerically, the ultrasonic wave 
oscillator 14, the phase comparator 15, and the control circuit 40 mentioned later are contained by the 
interior. 

[0017] Housing 12 has the passage 16 where a current measurement-ed object flows inside, and the eddy 
generating object 17 is established in passage 16. If the eddy generating object 17 is seen from a top, it is 
processed into the configuration which Karman's vortex, such as a triangle or a trapezoid, tends to 
generate. Moreover, the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 which 
constitute an ultrasonic sensor as shown in drawing 2 and drawing 3 are formed in the right-and-left 
location of the passage 16 which serves as a lower stream of a river from the eddy generating object 17. 



Each ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 are attached towards the 
axial center 0 of passage 16, respectively. 

[0018] In addition, the ultrasonic transmitters 18 and 19 consist of a piezoelectric device which vibrates 
with the oscillation signal from an ultrasonic wave oscillator 14 although not illustrated, for example, and 
a diaphragm by which excitation is carried out to a piezoelectric device. Moreover, the ultrasonic receivers 
20 and 21 are the same configurations as the above-mentioned ultrasonic transmitters 18 and 19, and 
consist of a diaphragm which receives the supersonic wave which spread the inside of a fluid, and a 
piezoelectric device which outputs the electrical signal according to vibration of a diaphragm. 
[0019] Drawing 4 is the Karman's vortex generated on the lower stream of a river of the eddy generating 
object 17, and the perspective view showing the attaching position of the ultrasonic transmitters 18 and 
19 and the ultrasonic receivers 20 and 21. In drawing 4 , the supersonic waves a and b transmitted from 
the ultrasonic transmitters 18 and 19 are spread, as a broken line shows. That is, the travelling direction 
serves as reverse sense, and two supersonic waves a and b cross with the axial center O of passage 16, 
and reach the ultrasonic receivers 20 and 21. 

[0020] Moreover, by drawing 4 , Karman's vortex 22 passes the propagation path of two supersonic waves 
a and b transmitted from the ultrasonic transmitters 18 and 19, and signs that following Karman's vortex 
23 put in the ultrasonic propagation path are shown. Since the supersonic wave a transmitted from the 
ultrasonic transmitter 18 has the component of the direction as the travelling direction of a supersonic 
wave a where Karman's vortex 23 is the same, the phase will progress. On the other hand, the supersonic 
wave b transmitted from the ultrasonic transmitter 19 will be in the phase, when the travelling direction 
is the longitudinal direction component and reverse sense of Karman's vortex 23. 

[0021] Therefore, when at least that of a supersonic wave a decreases and, as for both progress of a phase 
and the delay of the phase of a supersonic wave b, near the core of Karman's vortex 23 passes the transfer 
path of two supersonic waves a and b, at least that of a supersonic wave a of progress of a phase and the 
delay of the phase of a supersonic wave b is lost as Karman's vortex 23 moves down-stream. In case the 
second half part of Karman's vortex 23 passes the propagation path of the above-mentioned supersonic 
waves a and b henceforth, in the phase of a supersonic wave a, the phase of delay and a supersonic wave b 
progresses conversely. 

[0022] Thus, one Karman's vortex's passage of the propagation path of the above-mentioned supersonic 
waves a and b changes the phase contrast of supersonic waves a and b like a sine wave for a half period. 
By detecting change of the phase contrast of these supersonic waves a and b, generating of Karman's 
vortex can be detected and it becomes possible counting the Karman's vortex per unit time amount 
further, or by asking for the period of Karman's vortex to measure the rate of flow and flow rate of a fluid. 
[0023] Moreover, while becoming weak as the Karman's vortex generated on the lower stream of a river of 
the eddy generating object 17 moves down-stream, migration length detectable [ with the magnitude of 
the rate of flow or a flow rate ] differs. Therefore, the above-mentioned ultrasonic transmitters 18 and 19 
and the ultrasonic receivers 20 and 21 are formed in the extension direction (the direction of X) of passage 
16 movable by migration equipment 24, respectively. That is, in order to enable it to detect generating of 
Karman's vortex correctly, migration equipment 24 operates so that the ultrasonic transmitters 18 and 19 
and the ultrasonic receivers 20 and 21 may be moved to the optimal location of the direction of X which is 
the easiest to detect Karman's vortex according to a flow rate or the rate of flow. 



[0024] For example, when a flow rate or the rate of flow measures a large high flow rate region, the 
ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 are moved in the direction of a 
lower stream of a river estranged from the eddy generating object 17 by actuation of migration equipment 
24. Moreover, when a flow rate or the rate of flow measures a small low flow rate region, the ultrasonic 
transmitters 18 and 19 and the ultrasonic receivers 20 and 21 are moved in the direction of the upstream 
which approaches the eddy generating object 17 by actuation of migration equipment 24. 
[0025] Here, the configuration of migration equipment 24 is explained. Drawing 5 is a sectional view 
which meets the A-F line in drawing 2 . In addition, since the migration equipment 24 to which the 
ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 are moved is the same 
configuration, respectively, it is hereafter made to explain the migration equipment 24 of the ultrasonic 
transmitter 18. 

[0026] Migration equipment 24 is formed in stowage 12a of housing 12, and consists of a guide device 25 
which guides the migration direction of the ultrasonic transmitter 18, and a linear motor 26 which drives 
the ultrasonic transmitter 18 in the direction approached or estranged on the eddy generating object 17. 
Opening 12c for the ultrasonic transmitter 18 to move in the direction of X is prepared in wall 12b of 
stowage 12a. 

[0027] The guide device 25 consists of a guide plate 27 which fixes to the ultrasonic transmitter 18 and 
extends in the extension direction (the direction of X) of passage 16, and a guide attachment member 28 
held to wall 12a of housing 12 possible [ sliding of the both ends of a guide plate 27 ]. The guide 
attachment member 28 has opening 28a by which the ultrasonic transmitter 18 is inserted in a center 
section movable. Moreover, the guide attachment member 28 is being fixed to wall 12b of housing 12 by 
the drawdown of a mounting bolt 29, and the guide plate 27 is inserted between the slots 28b and 28c of 
the guide attachment member 28, and wall 12b. 

[0028] Moreover, O ring 30 which carries out the seal of between guide plates 27 is formed in wall 12b. A 
linear motor 26 consists of the magnets 31 and 32 of the shape of a rod which fixed to the ultrasonic 
transmitter 18, holders 33 and 34 with which magnets 31 and 32 were inserted possible [ sliding ], and 
coils 35 and 36 prepared in holders 33 and 34. In addition, the holes 33a and 34a with which holders 33 
and 34 are being fixed to 12d of walls of housing 12 by the drawdown of a mounting bolt 38 through the 
holder tie-down plate 37, and magnets 31 and 32 were inserted in the interior of holders 33 and 34, and 
coils 35 and 36 were formed are formed. 

[0029] The linear motor 26 is constituted so that the suction force or repulsive force over magnets 31 and 
32 may be generated by the field of coils 35 and 36. Therefore, a linear motor 26 can move the ultrasonic 
transmitter 18 in the direction of the upstream, or the direction of a lower stream of a river by controlling 
the current to coils 35 and 36. Moreover, since the guide plate 27 prepared in the ultrasonic transmitter 
18 and one has extended in the direction parallel to the flow direction of passage 16, in case the ultrasonic 
transmitter 18 is driven to a linear motor 26, when the both ends of a guide plate 27 slide on between the 
slots 28b and 28c of the guide attachment member 28, and wall 12b, the migration direction is guided to it 
and it can be moved stably. 

[0030] In addition, periphery side opening of stowage 12a of the housing 12 with which the 
above-mentioned migration equipment 24 was contained is lidded by the covering device material 39. And 
the coils 35 and 36 and the ultrasonic receivers 20 and 21 of the above-mentioned linear motor 26 are 



connected to the control circuit 40. The control program for adjusting the eddy detection location to the 
eddy generating object 17 is inputted into this control circuit 40. This control program is a program which 
energizes in the coils 35 and 36 of the above-mentioned migration equipment 24, and performs migration 
control of the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 so that the output 
more than disregard level A beforehand set up with the phase comparator 15 may be obtained. 
[0031] Drawing 6 is a flow chart for explaining the processing which the control circuit 40 of a vortex 
flowmeter 11 performs. A control circuit 40 makes a supersonic wave transmit from the ultrasonic 
transmitters 18 and 19 in step Si (for a "step" to be skipped below). In the following S2, it checks having 
received the supersonic wave which spread the inside of flowing fluid for passage 16 with the ultrasonic 
receivers 20 and 21. 

[0032] If the supersonic wave which spread the inside of a fluid by S2 is received by the ultrasonic 
receivers 20 and 21, change of the phase contrast of the supersonic waves a and b which progressed to S3, 
and were detected with the phase comparator 15 as mentioned above will be detected. And the present 
instant flow Q of flowing fluid is calculated for passage 16 by detecting generating of Karman's vortex 
according to this phase contrast, and asking the Karman's vortex per unit time amount for the period of a 
count or Karman's vortex further. 

[0033] In the following S4, the last instant flow rate Qa memorized by the memory (not shown) of a 
control circuit 40 is read. Then, it progresses to S5 and the memory (not shown) of a control circuit 40 is 
made to memorize this instant flow Q. And S6 compares this instant flow Q and the last instant flow rate 
Qa. That is, when this instant flow Q and the last instant flow rate Qa are equal, this processing is ended 
and it returns to Si. However, wh'en this instant flow Q and the last instant flow rate Qa are not equal, it 
progresses to S7 and it is confirmed whether this instant flow Q is larger than the last instant flow rate 
Qa. 

[0034] When it is Q>Qa, it progresses to S8 and the linear motor 26 of migration equipment 24 is made to 
drive here so that the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 may be 
moved to the downstream. Now, the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 
21 move in the direction of a lower stream of a river estranged from the eddy generating object 17. 
[0035] Drawing 7 shows signs that the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 
and 21 moved in the direction of a lower stream of a river. The propagation path of the supersonic wave 
transmitted from the ultrasonic transmitter 18 will estrange from the eddy generating object 17, and will 
pass through near the periphery of Karman f s vortex 23 in a location. Therefore, when the flow rate of a 
high flow rate region is measured and it moves to the eddy detection location of the request estranged 
from the eddy generating object 17 according to the flow rate, in order that the phase of a supersonic wave 
may progress most, a disregard level serves as max. 

[0036] In S9, it confirms whether to be more than disregard level A to which the disregard level of the 
phase contrast detected with the phase comparator 15 was set beforehand. This disregard level A is the 
threshold of the phase contrast beforehand set up according to the magnitude of the Karman's vortex 
generated on the lower stream of a river of the eddy generating object 17, and it can ensure detection of 
Karman's vortex, so that this phase contrast is large, as mentioned above. 

[0037] Therefore, when the disregard level of the phase contrast detected with the phase comparator 15 is 
not more than disregard level A, it returns to the above S8 and the linear motor 26 of migration 



equipment 24 is made to drive in S9, so that the ultrasonic transmitters 18 and 19 and the ultrasonic 
receivers 20 and 21 may be further moved to the downstream. And when the disregard level of the phase 
contrast detected with the phase comparator 15 becomes more than disregard level A, the linear motor 26 
of migration equipment 24 is stopped. 

[0038] Therefore, the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 can detect 
Karman's vortex in the optimal location according to a high flow rate. Thereby, a vortex flowmeter 11 is 
enabled to calculate a flow rate correctly by detection of Karman's vortex, and flow rate measurement 
precision is raised more. 

[0039] Moreover, when it is Q<Qa, it progresses to S10 and the linear motor 26 of migration equipment 24 
is made to drive in the above S7, so that the ultrasonic transmitters 18 and 19 and the ultrasonic 
receivers 20 and 21 may be moved to the upstream. Now, the ultrasonic transmitters 18 and 19 and the 
ultrasonic receivers 20 and 21 move in the direction of the upstream close to the eddy generating object 17. 
[0040] Drawing 8 shows signs that the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 
and 21 moved in the direction of the upstream. That is, the propagation path of the supersonic wave 
transmitted from the ultrasonic transmitter 18 will pass through near the periphery of Karman's vortex 
23 in the location close to the eddy generating object 17. Therefore, when the flow rate of a low flow rate 
region is measured and it moves to the eddy detection location of the request which approached the eddy 
generating object 17 according to the flow rate, in order that the phase of a supersonic wave may progress 
most, a disregard level serves as max. 

[0041] In Sll, it confirms whether to be more than disregard level A to which the disregard level of the 
phase contrast detected with the phase comparator 15 was set beforehand. Therefore, when the disregard 
level of the phase contrast detected with the phase comparator 15 is not more than disregard level A, it 
returns to the above S10 and the linear motor 26 of migration equipment 24 is made to drive in Sll, so 
that the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 may be further moved 
to the upstream. And when the disregard level of the phase contrast detected with the phase comparator 
15 becomes more than disregard level A, the linear motor 26 of migration equipment 24 is stopped. 
[0042] Therefore, the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 can detect 
Karman's vortex in the optimal location according to a low flow rate. Thereby, a vortex flowmeter 11 is 
enabled to calculate a flow rate correctly by detection of Karman's vortex, and flow rate measurement 
precision is raised more. 

[0043] Thus, in a vortex flowmeter 11, since the ultrasonic transmitters 18 and 19 and the ultrasonic 
receivers 20 and 21 move in the upstream or the direction of a lower stream of a river of passage 16 with 
migration equipment 24, while being able to perform eddy detection in the detection location where the 
disregard level of the Karman's vortex according to a flow rate becomes the optimal and being able to 
perform flow rate measurement to a large area from a low flow rate region to a high flow rate region, 
exact flow rate measurement can perform, adjusting an eddy detection location suitably, even when flow 
rate change is sharp. 

[0044] In addition, although the configuration which has 2 sets of ultrasonic transmitters 18 and 19 and 
the ultrasonic receivers 20 and 21 was mentioned as an example in the above-mentioned example, of 
course, it is applicable not only to this but the vortex flowmeter of a configuration of having 1 set of 
ultrasonic transmitters and an ultrasonic receiver. 



[0045] Moreover, although the above-mentioned example explained as an example the configuration 
which the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 meet with to flowing 
fluid in the inside of the direct passage 16, this invention is applicable also to the configuration which 
forms the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 2 1 in the duct periphery 
in which passage 16 was formed, for example movable. In that case, the supersonic wave transmitted 
from the ultrasonic transmitters 18 and 19 spreads the inside of a fluid through a duct, and the ultrasonic 
receivers 20 and 21 receive a supersonic wave through a duct. 

[0046] Moreover, although the above-mentioned example explained using a linear motor 26 as a driving 
means to which the ultrasonic transmitters 18 and 19 and the ultrasonic receivers 20 and 21 are moved, 
the configuration which is made to carry out predetermined include-angle rotation of the leading screw 
with a stepping motor, and adjusts an eddy detection location as driving means other than this is also 
considered. 
[0047] 

[Effect of the Invention] Since it is made to move in the direction which responds to the eddy generated on 
the lower stream of a river of an eddy generating object, and approached or estranges an ultrasonic 
transmitter and an ultrasonic receiver on an eddy generating object like **** according to this invention, 
irrespective of flow rate change, it becomes possible to detect eddy generating correctly, and a low flow 
rate region can also raise measurement precision. Therefore, while being able to perform flow rate 
measurement to a large area from a low flow rate region to a high flow rate region, exact flow rate 
measurement can be performed, adjusting an eddy detection location suitably, even when flow rate 
change is sharp. 



(19)B*Hi*lW (J P) (12)^^^^^$^ (A) (limfFHJKfcffiS^ 

#^¥8-271300 



(43)&fflB ¥B£8 ^(1996) 10E18S 



(so int. ci. 8 miftn FI 

COIF 1/32 G01F 1/32 



m&mx mxmo&i ol (^7jc) 



(21)ffi8i#*t #®¥7-75078 


(71)ffiSA 


000003056 








(22)maa ¥$7^(1995) 3 mi a 




#&jii«uii«mjiittKSr±jL 1 tb e # 3 


















»£JI|ftJI|te?rtT/l|K5KS±jl, 1 T@ 6 # 3 










(74)ftgA 




(54) [%W<D%ffl i&ffimst 



(57) [£»] IIS»B» 

»13i. «fcD/«t£. I\W>9\ 2©«t8Sl 6 A £12 
flSf6£#l 7 39»»lt&n, iftfg£#l 7&QTffittiZ 
tt£ 1 6 OfefrfiUfctt. j®£&i£<i§§ 18, 1 9 fttf 
j@§&§«§§2 0, 2 l*»RW-6nTl>*. iB#tt&fll 
§§18. 19 Rtf jg^ig£{f§§ 20, 2H1 ^tl^tl 

&®mm2 4\z£om®i 6<omtE^ (xm k» 

»Fr*C«»t6tlT^*. @§&i£fflf§l 8, 1 9 5.tf 
iS^ifcgff §§ 2 0 , 2 111 &®!£W2 4»C*0j»384 

ffi 7Kifittxi4*iwr**iaic»iiu, a*ic«uyt 




( 2 ) 

1 

&#t. m®%±ft<DTmm<Dm&fii&\zmv intern 

T-SfiSfith. 10 

[«9!©»«&W9» 
[0 0 0 1] 

[ggl±©*ijffl#i?] *%Httffi8Kfttf-lcffi9. ttCft 
5. 

[0 0 0 2] 

[ft#©8ffi] 0)JAtf t Ctt. ft A. flS*««0*#© 
[0 0 0 3] ftftftlH*. *B&. ttNMftWKI&SttS 
^©J?3»! (XttHSR) cfc98ffi!lSit#©8it»£g[gUX 

[0004] -etx, -fe^-u-ajjett. 
^iiw^tix^s. &«-fe>+r©+xfca#& 

[0 0 0 5] H9lCiB«»-t>lJ-*ftffll/fcfiE*©»j!l 

«to^m$n-5. ci©ie^s«§§2 b©m^ft^att 
[0006] sg^+$es-r^i@§&i«giiic^ 

«ifcWB4(C*V»T, ±E2^>©<Hfa. /3©(MS*«it 
Lfca* ftSttW LTffi^; Sn^cfS^ a 

[0007] fm6rtetta»K{fcPftn«&. 



#M¥8 - 2 7 1 3 0 0 
2 

XSK«9Jtt&*;l>V »36*#7©T 
WEKtt, ffl*««fll»2atiB«»afll»2bi:J:»3& 
*ffl««-fc SnTV>*. 2 
aRt;iH«»S*»2btt, rt^v>jS©&»)£|S]K*f 

US. 

[0 0 0 8] j@^ftiift8§2 a*»6i&«Snfcaett*« 

7 ©T*c56«fe bfc* jpv>»caa"r* t . 

Ctttt*. *©fc». tt«Mfc»4K:ttll63nS2"3 
©d^a. /3©ftffiH«. «E»:«f*ail-r*«iFiR3»«* 

o. sitjfx«sft«(cjt0ijTs^>ii/^><ia©^fi)j§c$^fi] 

[0 0 0 9] 

<£D. ^T*«LTL*5. *©fc©. S^iiffi 
S§ 2 a Rtfa^»g«§§ 2 b tt, i®fg£#: 7 *> 6 ©&& 

fc. 

[ooio] L*>u&#e>, *»4#7©T«c*ftr 

E*jWB<&4. «£*©»R»tra*. a# 

8ci£{iS§ 2 a Ktf a^&gffiti 2 b K 6 ©F^Sf'H 

[0 0 11] ttotf|UKM©KSeM-NT«W6. Sit 
MX t T ^ £ ©X# > ffitffK tt o T 

■?■©£©. a«ttSA»2 a*»sa«snfca« 

*»/h*<X*;UV>»*|ftUT#«t^»^*«*Stlr>'3 

[0012] -enx. *x^«±enH«ffftu^AiK 

[0 0 13] 

»'jfi^X(iStPfl-r^^(6]lc^9j$ti-^^«j^R^ffi^.X 
& * H t St t f -5 ©X* 5. 
[0 0 14] 
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[0 0 15] 

.ttftKftfl- 1 1 ©{HffiHT* 9,03 «J©9St«tf 1 1 © 

ffi&mm&M&zmtm-c&z. io 

[0 0 16] Mtlfl 1 tt. *B&. ±JK<ai|gE§tTSit 

^1 2 ©±»KRtt&n*»***r 1 3 
±0«t*. M. S&ftfg^SBl 314, -e©lMiBKfftft 

"t-©rt«Ctt, j@^»fgHS§ 1 4 , &fflifc&8§l 5Rtf 

[0 0 17] I\*>yy9\ 214. rtg5Cfei8!l«£**iffin 

6tlT^<5. »384#17tt. ±^6B.*tHft»»* 20 

^t4^^o^;uT>?s*^±L j ?>T^^tt^ijDi$n 

Tt»4. *fc. $!S£#1 7 ,fcOT«E£fcS«ttl 6© 
fcfc&glcte. H2Rtra3fcwStt*J:'3KiB*»-fc 

>-tj-***r*iB*«ai«aii 8, 1 9R^e^§« 

3320. 2 l#RI*enT<r>«. &g3&£ft|gl 8. 
1 9 Rtf @§&gffig§ 2 0,21 tt-tft-ifnKK 1 6 © 

[0018] ft. igg&iifiSgi 8, 1911 mx\tm 

4. j@«ft§ffl^2o, 2 is, tmmg&m 

SIB, 1 9tH««t«»«-C*0. jfK#+*fi»UfciB 

[0 0 19] H4B«9S£#1 7©T«K:»&'rs*;i' 
iBBtti&flHIl 8, 1 9Rtfj@^j£g<I3§2 

0, 2 i©ttttteB*jj*r*tfiH'ca«. H4K*^ 

T. lffjtSI8l8, 1 9*>S3!ffl3nfciB**a f 

^&a. btt. *©atfT#l*]*«fl»l6l*£&oTfcD, Sit 40 
SS 1 6 Lg^&gfiSi 2 0,21 (cSJg 

[0 0 2 0] Sfc, H4Ttt. *;i^>jR2 2a*jHtf« 
2£ffSl8. 1 9*»62l«*n*2t3©i8**a, b© 
U *©*;PT>j»2 3*«iBtf8£»II 

8*>6afll*tlfca«*al4, *;UT>}®2 3tftt*tt 
a ©itf? t R C3ErlSl©J«»*»-3 H t*» 6*0Dtt« 
ttittfCtfc&S. j@^i£iit{iS§ l 9*>Sj£<I£ 
ttfcig^&btt, *©Jtff*l^***^v>jBj2 3©«* 50 
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tttf.%. 

[0021] *;pt>»2 3 anws&iw 

SKLfcjJ^T. iS^i&aWftffiWil^RtfjS^&b© 

tt«©*itt#c»M>u *;uv>?s2 3©+«Cf>#ifia< 
2^©js^8a, boexsRi«aii'r«i9jftTa*tt 

a ©ftffi©it*Rtf@^& b ©ftffi©j§W4SK 
a«*;^>»2 3©«**»«»±Ba**a. b©£ 

»*itt£aii'r«iREtt» jeiiiS§Sca©^:ffli4jin, 

j@5i£b©&ffit4jttr. 

[0 0 2 2] C©J:ot3. 10©*^v>jfl*t±ffij@§ 
&a, b©fc»*I&£jIj®T£<!:. jS^ifca, b©ftffl 

ft*»*CtK:J:0, K<*©«E»fttf«**t|-H"*"*;: 
[0 0 2 3] 7©T«Efc»£Ufc*;l' 

»■*««©** $ k * -3 t&hj tzmt&memtfixto 

-5. *©fc©, ±Gj6tf ftSIAS 1 8 . 19Rtfjg^i£ 
g«g§ 2 0, 21(t ■tn-fnSUfcSB 2 4 0 SitSS 
16©®fiE^|S] (XjErlfll) C»»Bll6CKW6nTV> 
5. TfcoS. &®mW2 4\t> #;PV>j|gi©fg££IE 

acit? i;Tja*«ant« is, n &3<ts 2 
0, 2 1 £#;uT>jja£gfc&ffib j ?>-r^x£iS]©sit 

[0 0 2 4] «*tf, ftftXI4ift&tf*Sfr>ftftft*e 
tUTTSt*, j@^8ci£ffig§ 1 8 , 1 9 E.tfi@«i£g« 
H2 0. 2 If4#«lgtt2 4©Sjfe(C«kD}S?g£#l 7 

8, 1 9&tfj@^&gffS§2 0. 2 1t4^B)SS2 4© 
»ftK<};9S©f8±#l 7 tCjfiS-r^±S^|6]lC#ij$n 
-5. 

[0025] zicit, &W)%m2 4<Dffimz-z>^xmw 

•T5. 0 5{40 2 4 , A-F^lce'5»f®0Tfe4. W. 
i698E£fllSl8. 1 9RUWi&£<f§§2 0, 2 1* 
S»$-B--5^«)^fi2 4«. ^-n-etlRI-OlJSRTftS© 
T. fi^T, i»**a«»l 8©»»»2 4C"3V>TR 

[0 0 2 6] ^S)^B2 4t4, /Wi?>if 1 2©iRiSfla 

1 2 arti:»»«nT*0. @£i£il«8§l 8©^»^ 
lej^^-f HT5^< KM4I2 5<h, S#iSii(iSI 1 8S 

6<t<t0^-5. iRMISl 2 a©ggCl 2 bK 
tt. S^SIftggl 8*«X*lS|C»«r*fc©©HPl 

2 c#tu? Stress. 



( 
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[0 0 2 7] #-f FMft 2 5 tt, j@#&i2Hi8§ 1 8 KB 
SStt. B.-3SM& 1 6 ©$££#0 (X£|*]) K5£fiEf-5 
H«2 7i. H«2 7 ©WtfciWftlMBKA* 
v>y 1 2©gSBl 2 aK«Krr<&#-f F*Mt«tt2 8 

ma§ 1 8*»»»wfficjfasn«isn2 8 a err*. 

yf-f HSftgi5tt2 8tt, IR^U h 2 9 0»»t? 
ttK«t9A$>>>^l 2©S$1 2 bKB£SnT43 

0 . FttfttW 2 8 ©J8 2 8 b , 28c 1 2 
biOMCjtf'f H«2 7«tJfAS*lT^*. 

[0 0 2 8] *&, Sffil 2 blctt. #-f H«2 7 t© 
ffl * -> - t -5 O ' J > y 3 0 * t ft »t 6 tl T H -5 . U n 7 

t-^2 6it e^&M<t^i 8CH»snfci*tt©T 

^7h3 1, 32t, 7n7h31, 3 2jWS!jW 
ttCjf A2fltz*)l>y3 3, 3 4i. *JP^3 3. 3 4 
CRW-5*lfc3-f;P3 5. 3 6£<fcO&S. N. 
3 3, 3 4tt*^^nR#*3 7&^UT«##;Ph3 8 
©IKottK.fcOA'^J'y 1 2©MS&1 2 dKHJfcS 
trCfcO, *;i^3 3, 3 4 0rta5»CttTy*y F 3 

1, 3 2 AS ft. 1^*3 5, 3 6 3WRtt&ft 
&?L3 3 a, 3 4 a^igfr^ttT^S. 

[0 0 2 9] U=7*-*2 6tt. 3-f;U3 5, 3 6© 
**R:J:0Tir*y h3 1. 3 2C»"r*«9l**fctt 

7^-^2 6(1 3<;U3 5, 3 6^©*«W«IW*P;£tt 
££<htcj;9> 1 8 *±«E^FfflXttT** 

t-*CR»t6n&*'f K«2 7*t«BU 6©Sim£fl 
fc¥fffe*ftCK«ELTV»*fc». jg^&iiWSI 1 8 B 
6CKf)£ft*IB. #-f F«2 7©PMI 
FIMrt5*f2 8©#|2 8 b, 2 8c<hM$12b 

[0030] m. ±.tmmmm.2 4*j««s*ifcA9>? 

2©iR»a5l 2 aOn««HPtt. I»«3 9l: 
£QHS3nTt>«. *LT, ±fBU-7 ; E-^2 6© 
3-f;P3 5. 3 6 &tfj@^&gflg§ 2 0 , 2l\W\W® 

£fla 7C»-r*«ttUttB*ilJ|-r*fc»©«fpya 

#e.nS«t'5C±IBgH!)SS2 4©3-f ;U3 5. 3 6IC 
ambTjHWftSH&Sl 8, 1 9 ft 2 

o, 2 KD^mwmno^u^vh.-Qh^. • 
[0031] M6\m9tmmi KDMwmmiotfmn 

01&4 Ote, Xr-y^S 1 (6TF ^f-yfi ££R&-r 
4) iCfcHT, j@#iffci£ffg§l 8, 1 9**&ffi«8fcS 
m^-B-S. *©S2tlt i8W»S«S2 0. 2 IT* 
SSI 6*Kns«E#*S£»LfciB#»£3fiLfci:£ 
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[0 0 3 2] S 2 T«£*+ £e» LfemttftWIkS 
MS2 0, 2 1 K^OSfiSnit, S3 131*. MSB 
Lfc«fc3Ktt«Jfc««l 5KJ:08Hi;*ftfcieStta. 

4dtC«kO. ttftl 6£fttn*Sit#©giiGE©IBl$SSttt 

10 [0 0 3 3] *©S4Ttt, «W0iS4O©^ ; EU (H 
) £B1S:;a?ttfclffl@©B«r««Q a 
Jfc^T. S5CSi*. ^©BWriMQSftlWBIMO 
©**U (H^ttl*) CEftSlt*. -€*UT, S6Ttt 
^0©PR#*»Q<tBtJ[eI©KI$SitffiQ a tttkKT*. 

«*U»»£tt, ^B©»a*«t'TLTSlK:H*. bfr 
^E©l8li#Sg»Q<i:W[Hl©ISll#fiit»Qa 1 J:7>i 
»L<fc<rMBfctt. S7KJ8*. 4-|g|©*Ntt»Q#fM 
0©W*8MtQaJ:9**^a»£'3a>fc^xvi''*-*. 
20 [0 0 3 4] £dT, Q>QaT^if(l S 8 \zl& 

*, @^«ji{f » 1 8 . 1 9R^ja^ssm^2 o, 2 

l*TK«'\i>»3tf*J:3CfMra«2 4©U-7 : E 
-^2 6*Kft*«*. d*lT 8&tt&flt&18. 1 
9B.tfj@Wifcg{f3§2 0, 2 114. »58ft# 1 7 *> 6* 

[0 0 3 5] 0 7 ttjg^»j£«§§ 1 8, 19R^@§& 
§{t§§2 0, 2 l^TffE^[S]^»tfe^**UT^ 

Ji«»*4#l 7*»6linbTtt«T*JI'T>il2 3©^ 

30 Httflrftaii-rsiitfctt*. ti£oT, is«»^©«a 

[0 0 3 6] S9T(J. fifflitttSl 5T*WSnfctt 

1 7©Toft»c^^-r-5*;p-v , >)igi©A#$triei;T^ 

40 [0 0 3 7]SEoT.'S9C*nm tt«MSl5 

Ttta$nfcffi«is©tta u^*«ttia i/^;ua«±t 
8 , 19 Rum^fSi^mm 20,21 *t«e«^»»* 

■&4J;5lc^ftSB2 4©U^7 ; e-^2 6 5Bli$t 

5. *ut, effljt^igi 5Tttm$nfcfl[ffii&©«a 

[0 0 3 8] tOfe». g^&iMmSg 1 8 , 19RtXfi 
^&§ftH2 0, 2 1(1 SSttfcl&DfcSaHMtT* 

50 ;^>»**(af«ca:3*»T**. 
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tfl ltt. £;i/7>$W&tbl;:«fcg8itffi£lESSK#&£ 8, 1 9Rtfj@lfi&gm3§2 0. 2 1 SfcftnlBKBW- 



[0 0 3 9] ±ES7fc*5lrvr. Q<Qat*5 ftLT»#'t'££BU j@g&g«8§2 0, 2 1 

S 1 OKU*. j@£fci£{B3il 8, 1 9RtfS Sfl-LTfflBttSSB-r*. 
§&£<§8§20, 2 1*±BB^B»311'*J:3K»» [0 04 6] ±EB«BTtt. iiffttSAS 1 

g®2 4©tJ-7 ; E-*2 6£Bn3ttS. Ctlt, I 8, 1 9 Rtf iS£i££ft§§ 2 0 , 2 l£&®2itZmW) 



[0 0 4 0] 0 8tej@g&i£{f§§l 8, 19RtXffl#ft 10 0 'J- FX* U a9S3fseA«@»**TilM)iattB* 

gffil§2 0, 2 l#±B#rtfcfM»UfcB***UTV> Hit5iJ«fet^5ft5. 

S. -*-&fc£lBBB£BBl 8*S£ff£ttfcimfc0 [0 0 4 7] 

e»BB*»»«£*l 7Ci6»UfcffiBT*^T>»2 [B9KDS&*] ±a>©*lK. *B9!K«fctttt. 

[0 0 4 1] SI ltli &ffiit&Sl STBWSnfc #-5, *Ofc«>, fiMB«^6KBBBSTJ£«Ht:K 

{fcffiB©Bffli^jw**BJfc*n&«.au' , wAa± BM-B*fT*.si#K. »BBfls**Bu»B£Tt>»i[ 

*^5^S^xyd^-r*. ttoT, SllCmit 20 B«fflttB£BBLfc#&EBfc»BM-B*fT3 

l/"WAeU:Tfc^fc*tt. -hesiOKHO. ^ [HBonv^Rn] 

j@^fti£{§g§l 8, 1 9Rtfj@^$gfI8§2 0, 21?: [0 1] #589IK:&4BBBtt©-£»«©-»£«Wr 

±BB^B»S-fr*.k5K:#»BB2 4©U~7 : &-^ UfciEBHT**. 

2 6 ^LT. ftfSJt&ggl 5T'&ffi£n [0 2] BBBfff-©ftiBBT&«. 

fctt«B©Bui/*;WBWU*;PAKJ:lc&ofcBjft [03] «H»BOftBBM«RaT«&oO«IABT 
Ti2»gfi2 4(0^7^2 6*f?lh$-fr*. 

[0 0 4 2] ■?•©&*, BSBatBB 18. 19Rtfj@ [B4] »»£#©TBKB£bfc#JI'-7>B. Rtf* 

^&§mgi2o, 2 ltt. «»Bicjsi;fc«BffiB-e* *T>Bft«HiTs«»*©eBBB*«TB*BT* 
;pv>»ftBm-r*ct«»T*a. cmtcto. ssrea 30 -5. 

tlltt, a^V^BWBHJK^DWBSIEBl;:*** [B5] #ftSB©$fiS£ift$-f£*:&©0 2 4 3 A-F 

££j&«*BfcftD. BBK-BBBJ^iOBiftSnTVJ 8St::ft5»riS0-e;&3. 

5. [0 6] «W@K#*fTTSfflB*K91"r*fcw®7 0 
[0 0 4 3] £©£3K:. BBBIH ITU j®^&>£ 

BB 18. 1 9S.tfj@#aJc§ffi§§2 0, 2 14t£BBB [0 7] ftftfittOftfi&tfft-rstt&O&BUttBO 

2 4lcfcr)«Ettl 6©±BXttTB#l*lKSH(rr*fc &i)S)f££*-f 0T'&3o 

». BfiKj&Sfca^v^fflwBffli^i/aiftStfcs [0 8] «Bfi«©Bfl£tf»-r3«£©Bfcfflfl:B© 

B«*Tc:ttHt«EfittB*ffA*t*K:. BBxfc© [09] ^©BBBttatra-offl-BBasBB-rsfc 

Bb^«^"CfeBl[«BWffifi*BfiU<c*»&jE«&« 40 «>©$i£0T'&£. 

[o 0 4 4] ft, ±e*BWT?tt. 2m<nm : g®.mmi$ n bbbm- 

18, 1 9Rtfj@^fcgfgf§2 0, 2l€#r*«B* 12 A9v>^ 

-BtUTBtffcjft*. jinfcBsr. lffioig^&iiift 13 bbb^b 

B. aBBBBB**r*«BO»«BBIC'bBB'r* 14 jg^fcfgiggl 

it3&tT**©tt«jBT»a. 15 tefflitgigg 

[0 0 4 5] ±EB«WT?tt. iBWB&BBl 16 BB 

8. 1 9Rtfj®^&£fflg§2 0. 2 14*BBBB1 6 ft 17 Bfe^ff 

*B*i*B*fc«"r*««*-Bi:l/rK«l/fc*». « 18, 19 j@EF££B» 
AtfBBl 6#»«SnfcffB*HKjBS*2!Bgl 50 2 0,2 1 iB^BSBB 



CttfpJBK&O. Bftffl-BttK#«fc0SS«>6ftTlr> 



fflBB3IBS18. 1 9*^2B$nfcffl«BttBB* 



BBBBB 18. 1 9Rtfjg^&£f§3§2 0. 2 Hi. 



^WitLX')~7^-^2 6*ffl^TBBUfc*«. ttn 



2 2, 2 3 #;PT>ji 

25 ^ mm 



( 6 ) 



8-271300 



10 



2 6 U-T*-* 
4 0 fifttlilK 



!3o 




YZZZZZA 



..16 Z 




24 



[03] 



16 




14 65»££5 



13 



[02] 
11 



® 



19 <S«a&€8 




[04] 




.22 



[07] 




[08] 
20 



an 



(7 




23 _ 




16 
12- 



3&n 



— 12c 




23 



12c 18 



18 12c 



7 13 0 



[0 5] 



[09] 



37 38 




I2d' 
29" 



28b 12b t |; 



16,. 28b 



28c 

25 
22 

-*^23 a*-*>H 

18 i _ ?4 25 

30 f ^28c 
IX! 




2d 

1 






3 

/ 










Mtt» 



[0 6] 



NO. 



i 



-SI 
S2 



YES 



ii!i0©HS£SQ a *W»LtS ~S 4 



?jf£faQ*3atS — S5 



< Q=Qa ? 



6 

NO 



YES 



S7 



< Q>Qa? 



NO 



YES r S8 



NO. 



■4? 



jYES 



S,l 0 



NO. 



s, 11 



YES 



